Introduction {#sec1}
============

In 1977, Carl et al.[@bib1] isolated and purified a protein from the adrenal medulla of cattle, which can aggregate chromaffin cells. At the time, people called the protein "synexin" (Greek means meeting), now annexin A7.[@bib2] Later, the protein was found in tissue cells of many species.[@bib3] In 1990s, these proteins, relating to phospholipid binding in a calcium dependent manner, were named the annexin family officially.[@bib4] To date, more than one thousand annexin proteins have been identified in eukaryotic cells, which account for about 2% of total cellular proteins.[@bib5] According to their distribution in the biological world, annexin family was divided into 5 groups, with vertebrates as group A, invertebrates as group B, fungi and single-celled organisms as group C, plants as group D and protists as group E.[@bib6]^,^[@bib7] Among them, group A has a total of 13 members, namely A1-A13, which are widely present in human tissues.[@bib8] Annexins normally have an unique N-terminal domain and a core domain with conserved structure, which is consisted of four (annexin A1-5, A7-13) or eight groups (annexin A6).[@bib9] Each group gets a repeat sequence consisting of 70 amino acid residues and extends to the C-terminal.[@bib8] In a calcium dependent manner, repeat sequence binds to the phospholipid bilayer structure on the cell membrane reversibly. Annexin\'s core domains have approximately 50% homology in amino acid sequence, whereas different patterns of gene expression and tissue specificity are derived from their unique N-terminal sequences.[@bib10] It has been found that annexins perform different biological functions. Once deregulation in gene expression or protein activity of annexins occurred, they can lead to "an annexin disease". In annexin family, annexin A1 (ANXA1) was discovered at early stages. In 1979, ANXA1 was first recognized as a glucocorticoid regulated protein, which was believed to play an inhibitory role in synthesis of arachidonic acid (AA).[@bib11] In 1986, ANXA1 was successfully cloned for the first time. In the early days, it was also known as lipocotin I, calpactin II, phospholipase A2 (PLA2) inhibitory protein.[@bib12]

ANXA1 gene and protein structure {#sec2}
================================

The ANXA1 gene, located on human chromosome 9q12-q21.2, is composed of 13 exons and 12 introns, and the ANXA1 protein is composed of 1041 bp coding 346 amino acid residues in its complementary deoxyribonucleic acid (cDNA).[@bib13] CAAT boxes and TATA boxes are included in promoters for genes, which both are required to maintain the minimum activity of the promoter.[@bib14] ANXA1 has a relative molecular weight of 38 kD and has a protein molecular structure shared by the annexin family: a core domain consisting of an N-terminus consisting of 44 amino acid residues and four homologous repeats (Repeat I, II, III, IV), each of which contains five α-helices and is arranged into a disc-like structure curvedly with a calcium (Ca) ion binding site thereon.[@bib15] As a result, it can be combined with the hydrophilic head of the phospholipid. The N-terminal, functional regulatory region of ANXA1, is also a Ca ion sensitive region.[@bib14] ANXA1 protein is inactive in the absence of Ca ions, and its N-terminus is present as a D-helix in the repeat III of the core domain. When the concentration of Ca ions increases, the N-terminus is released from repeat III. Then, the Ca ion binding site is unveiled. Once Ca ions combine the binding site to form a hydrophobic structure, it can interact with other molecules. Thus, the cell membranes aggregates with each other, exerting its biological function ([Fig. 1](#fig1){ref-type="fig"}).[@bib15]Fig. 1The structure of annexin A1 protein.Fig. 1

Secretion and cell source of ANXA1 {#sec3}
==================================

ANXA1 protein is widely found in various cells of the body. In immune cells, the main source of ANXA1 is granulocytes, especially neutrophils.[@bib16] Among lymphocytes, T lymphocytes contain a small amount of ANXA1 protein, while B lymphocytes and platelets have no expression.[@bib16] In addition, ANXA1 can also be found in mature cells such as monocyte and macrophage, pulmonary epithelial cells, fibroblasts, and renal mesangial cells.[@bib17], [@bib18], [@bib19] Under the stimulation of inflammation, neutrophils and monocyte and are activated, and ANXA1 rapidly exerts its biological effect, as reach extracellular membranes.[@bib20] The exact mechanism of secretion varies. Adenosine triphosphate (ATP) binding transport is the main form of ANXA1 secretion in macrophages.[@bib20] In neutrophils, most of the intracellular ANXA1 are present in gelatinase granules. When neutrophils are buoyed by chemokines or adhere to the monolayer endothelial cells, ANXA1 moves quickly to the cell membrane from intracellular space, and then the chemotaxis of chemotactic factor is relieved in Ca ion concentration dependent manner. Then, chemotaxis of neutrophil and endothelium becomes low.

Biological function of ANXA1 {#sec4}
============================

ANXA1 and regulation of inflammation {#sec4.1}
------------------------------------

### ANXA1 and inflammation-related enzymes {#sec4.1.1}

ANXA1, also known as PLA2 inhibitory protein, prevents the formation of AA inflammatory precursors.[@bib21] There are two types of PLA2 in vivo: cytosolic PLA2 (cPLA2) and serotype (sPLA2). Among them, cPLA2 is a key enzyme for the synthesis and release of lipid icosane inflammatory mediators, and its inhibitors can prevent the expression of activated neutrophil surface integrin and the release of interleukin - 1β (IL-1β) from lipopolysaccharide-stimulated monocytes. The study data showed that both the endogenous full-length ANXA1 protein and its C-terminal fragment can bind to the phospholipid binding site of cPLA2 through hydrophobic interaction, which specifically inhibits the activity of PLA2 by interfering with the binding of cPLA2 to the membrane and inhibits the phosphorylation of cPLA2.[@bib22] While the extrinsic ANXA1 or its N-terminal fragments competes with the endogenous substrate in the Src homology domain of cPLA2, inhibiting the ras-MAPK signal transduction pathway to activate cPLA2.[@bib23] ANXA1 can also inhibit the synthesis of induced nitric oxide synthase in macrophages and induced cyclooxygenase 2 (COX-2) in activated microglia by inducing the release of IL-10, an anti-inflammatory factor.[@bib24]

### ANXA1 and inflammatory factors {#sec4.1.2}

Min et al.[@bib25] found that melanocyte stimulating hormone (α-MSH) inhibits tumor necrosis factor (TNF)-α-induced mature dendritic cells by up-regulating the expression of ANXA1, thereby exerting its anti-inflammatory effect. However, when ribonucleic acid (RNA) interference down-regulated the expression of ANXA1, the anti-inflammatory effect of α-MSH disappeared. Girol et al.[@bib26] found that the full-length ANXA1 and N-terminal active peptide Ac2-26 can alleviate ocular inflammation caused by endotoxin in mice ocular tissues and *in vitro* ARPE-19 cells. In the study of pleurisy mice model, ANXA1 and Ac2-26 can control inflammatory progression by inducing neutrophil apoptosis. Other studies have shown that Ac2-26 can inhibit the expression of inflammatory factor TNF-α in a mice model of intestinal ischemia reperfusion injury.[@bib27] In addition, some studies have shown that ANXA1 can inhibit the generation of IL-6 in pulmonary fibroblast cell lines stimulated by pro-inflammatory factor IL-1 through the p38-MAPK signaling pathway.[@bib28]^,^[@bib29] Recent studies have demonstrated that in the lipopolysaccharide (LPS)-stimulated endotoxin animal model, serum IL-6 and TNF-α levels were higher in the ANXA1 knockout mice compared with normal mice.[@bib30] Similarly, in LPS-stimulated ANXA1-deficient macrophages, LPS can promote the production of IL-6 and TNF-α through the extracellular regulated protein kinases (ERK)-MAPK and c-Jun N-terminal kinase (JNK)-MAPK signaling pathways.[@bib30] The anti-inflammatory effects of ANXA1 may also be closely linked to the anti-inflammatory factor IL-10.[@bib31] Anti-inflammatory effects of lipoxin and ANXA1 disappeared in the rats whose IL-10 was knocked out, whereas in wild type rats, administration of lipoxin and ANXA1 protein through activating receptors (Lipoxin A4/ANXA1 receptor (ALXR) can promote the mass production of IL-10, thereby inhibiting inflammatory damage.[@bib31]

### ANXA1 and inflammatory cells {#sec4.1.3}

In the inflammatory response, ANXA1 and its N-terminal fragment showed strong inhibitory effects on migration of neutrophils and monocytes, which was related to abscission of L-selectin, carboxylation of N-glycans, the activation of ALXR and fingerprint recognition (FPR) and competitive binding of integrin α4β1.[@bib21]^,^[@bib31], [@bib32], [@bib33] Under normal conditions, both granulocytes and monocytes in the blood are rich in ANXA1. Due to the lack of activation or adhesion, the anti-inflammatory activity of ANXA1 was not stimulated. In stationary leukocytes, especially polymorphonuclear (PMN), ANXA1 is mostly concentrated in cytoplasmic gelatinase particles.[@bib11] In the initial stage of inflammation, leukocytes are activated and penetrate the blood vessel wall to reach the reaction site due to the adhesion of chemokines. Under the action of inflammatory factors, the neutrophils in the post-capillary microveins of the infected site bind to endothelial cells, and neutrophils release enzyme particles, thereby a large amount of ANXA1 are stimulated to move to the cell surface, and specifically bind to the plasma membrane of the cell by means of Ca ion regulation.[@bib34] Externalized ANXA1 interacts with adhesion molecules that mediate the interaction between leukocyte endothelial cells, promoting the adherent neutrophils/monocytes to shed from the endothelial cells, thereby maintaining the dynamic balance of adhesion and desorption between PMN/monocytes and endothelial cells, and regulating the level of extravascular extravasation in inflammation to exert anti-inflammatory effects.[@bib35]^,^[@bib36]

FPR is a family of formyl-methionine-leucine-phenylalanine G protein-coupled receptors that are chemically driven and capable of being recognized by the peptide segments of bacteria, thus acting as a chemical driver to direct neutrophils movement to the site of bacterial infection.[@bib31] When an inflammatory response occurs, ANXA1 or its N-terminal peptide segments can bind to FPR in neutrophils, causing the receptor desensitization to lose its chemical drive effect and inhibiting the migration of neutrophils and monocytes, thereby the aggregation of leukocytes at the site of injury or infection is reduced.[@bib37] Studies have shown that, in the inflammatory model of FPR gene knockout, the effect of endogenous ANXA1 inhibits leukocyte aggregation and migration is significantly reduced, and the leukocyte aggregation is more in inflammatory response than that in normal rats.[@bib38] On the contrary, after the exogenous administration of ANXA1 or, it was observed that leukocytes adhesion and shedding increased, and the number of white blood cells entering the blood vessel was significantly reduced. Walther et al.[@bib39] showed that ANXA1 binds to its N-terminus and activates neutrophil FPR to inhibit its transendothelial process, and suggested that this effect may be related to the induction of L-selectin shedding by ANXA1 binds to FPR.

Other studies have shown that ANXA1 can activate ERK1/2 instantaneously after binding to ALXR, which leads to a rapid increase in the concentration of Ca ions in cells, thereby reducing the adhesion and migration of PMN.[@bib40] Solito et al.[@bib33] found that ANXA1 and integrin α4β1 co-localize on the surface of monocytes. A number of studies have shown that endogenous ANXA1 and exogenous ANXA1 exogenously compete with vascular cell adhesion molecule-1 (VCAM-1) for binding to integrin α4β1, inhibit adhesion of monocytes to vascular endothelial cells, and participate in the regulation of early inflammatory response.[@bib41]^,^[@bib42] It has been proved that in a rat model of peritonitis, the use of a monoclonal antibody can inhibit the migration of neutrophils/monocytes by blocking the function of carboxylated N-glycans.[@bib43] In the inflammatory response induced by the ANXA1 knockout mice model, the expression of cyclooxygenase-2 (COX-2) and cPLA2 was up-regulated.[@bib44] Meanwhile, migration/phagocytosis ability of leukocyte and expression of adhesion molecules were abnormal. Yona et al[@bib43] showed that the deletion of ANXA1 gene affected the expression of macrophage surface adhesion molecules in peripheral tissues, thereby their phagocytic ability was changed selectively in the gene deficient mice. Meanwhile, expression of COX-2, release of prostaglandin E2 (PGE2), production of reactive oxygen species all increased.[@bib45] Recent studies have shown that the expression of ANXA1 in neutrophils is closely linked to serum cortisol concentration, and is also affected by serum levels of gonadotropin, luteinizing hormone and follicle stimulating hormone, while the expression of ANXA1 in lymphocytes gradually decreased with age.[@bib46]

ANXA1 and signal transduction {#sec4.2}
-----------------------------

ANXA1 protein has multiple phosphorylation sites and is a substrate for epidermal growth factor (EGF) receptor kinase, platelet derived growth factor (PDGF) receptor kinase, tyrosine protein kinase, serine, and threonine kinase.[@bib47], [@bib48], [@bib49] Studies have shown that ANXA1 tyrosine phosphorylation occurs during EGF receptor activation and internalization.[@bib47] Previous studies have revealed that the expression level of ANXA1 is coupled with the regulation of ERK pathway.[@bib50] ANXA1 can inhibit cell proliferation by inhibiting the expression of cyclin D1 through the ERK pathway. And the anti-inflammatory effect of ANXA1 is mainly regulated by the FPRs signaling pathway.[@bib26]^,^[@bib38] In human tissues, FPRs include FPR1 and FPR2, which are the receptors for ANXA1 and Ac2-26.[@bib41] Perretti et al.[@bib51] found that neutrophils and macrophages release ANXA1 by autocrine or paracrine after induction by glucocorticoids. ANXA1 regulates the ERK-MAPK and T cell receptor (TCR) signaling pathways after binding with FPR1, and affects nuclear factor of activated T cells (NFAT), nuclear transcription factor NF-κB and the activity of activator protein-1 (AP-1), thereby regulating the activity, proliferation and differentiation of T cells and exerting their anti-inflammatory effects.[@bib26]^,^[@bib28]^,^[@bib42] These are all evidence that ANXA1 is involved in cell signaling.

ANXA1 and cell proliferation {#sec4.3}
----------------------------

Initial studies found that ANXA1 can bind to the EGF receptor, and subsequently found its effect on cell proliferation.[@bib47] It was believed that ANXA1 can inhibit the mitotic signal transduction pathway induced by hepatocyte growth factor (HGF), as well as the proliferation of T cells stimulated by monoclonal antibody CD3 monoclonal antibody (OKT3).[@bib52] ANXA1 also can affect the formation and activity of protein complex upstream of the ERK-MAPK pathway to reduce cell proliferation and inhibit the expression of cyclin D1. Studies have shown a definite relationship between ANXA1 with cell cycle. When the cells were in the G2/M phase, the expression of ANXA1 decreased by 40%, but the mechanism of decline was still unknown.[@bib53]

ANXA1 and cell differentiation {#sec4.4}
------------------------------

ANXA1 is associated with the regulation of cell differentiation in bone and muscle tissues. Damazo et al.[@bib43] knocked out the mice ANXA1 gene to observe its effect on bone development. They noted delayed abnormal cranial suture structure, incomplete cranial suture fusion, and intracranial osteogenesis. It is believed that the normal expression of ANXA1 plays an important role in the normal development of skull. In vitro experiments by Bizzarro et al.[@bib37] found that ANXA1 expression was up-regulated when mice c2c12 myoblasts differentiated into myocytes. On the contrary, ANXA1 was down-regulated when c2c12 myoblasts were inhibited to differentiate into myocytes. After expression of ANXA1 was down-regulated by RNA interference, the differentiation of c2c12 myoblasts was decreased. It was concluded that the protein level of ANXA1 was positively correlated with the degree of differentiation of c2c12. At the same time, ANXA1 also promotes T cell differentiation. Huggins et al.[@bib54] demonstrated that ANXA1 has the effect of promoting the activation and differentiation of T cells stimulated by dendritic cells in mixed lymphocyte reaction. ANXA1 also regulates T cell differentiation via the FPRs signaling pathway. ANXA1 binds to FPR1 to activate ERK and Akt signaling pathways and enhance T cell receptor (TCR) activity. The downstream transcription factors include NFAT, nuclear transcription factor -κB and AP-1, etc., thus promoting differentiation of T cells into helper T cells.[@bib55]

ANXA1 and apoptosis {#sec4.5}
-------------------

Studies have shown that overexpression of ANXA1 in neutrophils, human histiocytic lymphoma cells (U-937) and bronchoalveolar epithelial cells promotes apoptosis.[@bib33] This effect is caused by the activation of Capase-3 and the transient intracellular Ca influx, which leads to the instantaneous increase of Ca ion concentration in cells, and thus leads to the dephosphorylation of the pro-apoptotic protein bad. And the phagocytosis of macrophages on apoptotic neutrophils can be further promoted by the endogenous ANXA1 from apoptotic neutrophils. Arur et al.[@bib56] showed that ANXA1 might be an endogenous ligand for phosphatidylserine (PS) that mediates phagocytosis of apoptotic cells. ANXA1 aggregates into a PS-rich domain on the outer layer of the apoptotic cytoplasmic membrane through Caspase-3 mediated mechanism, mediating phagocytic recognition, phagocytosis of apoptotic cells, and release of anti-inflammatory mediators, accompanied by release of intracellular Ca ions.[@bib26] It can be seen that ANXA1 plays a role in inhibiting inflammatory response and allowing safe clearance of apoptotic cells during phagocytic recognition and phagocytosis. The recognition and phagocytosis of apoptotic leukocytes is also important in the regression of inflammation. The phagocytosis of apoptotic leukocytes by phagocytic cells such as macrophages can inhibit the expression of pro-inflammatory factors (such as TNF-α), also release anti-inflammatory factors (such as IL-10, TGF-β, etc.). Further studies have confirmed that ANXA1 can change the small guanosine triphosphate (GTP) enzymes (such as Rho A, Rac and Cdc42) by binding to ALXR on the surface of macrophages, so as to recombine myosin and actin and participate in the cytoskeletal changes of macrophages, thus guiding the phagocytosis of macrophages on apoptotic cells.[@bib41]^,^[@bib57]

The relationship between ANXA1 and disease {#sec5}
==========================================

ANXA1 and carotid atheromatous plaque formation {#sec5.1}
-----------------------------------------------

ANXA1 plays a positive endogenous defense by stimulating an inflammatory response associated with carotid plaque formation. In many trials, it has been shown to mimic the anti-inflammatory effects of corticosteroids. Cheuk et al.[@bib58] studied 34 patients with carotid atherosclerosis and found that increased expression of ANXA1 can increase the stability of carotid atherosclerotic plaque.

ANXA1 and rheumatoid arthritis {#sec5.2}
------------------------------

The early lesions of rheumatoid arthritis are in the synovial membrane, and many synovial cells proliferate in the synovial tissue, accompanied by infiltration of various inflammatory cells. The researchers found that ANXA1 and its amino-terminal active residues in the synovial tissue inhibit the adhesion and exudation of neutrophils by the formate carboxy tyrosine receptor that occupies the surface of inflammatory cells, thereby preventing the spread of inflammation.[@bib59]^,^[@bib60] Some scholars have succeeded in improving the symptoms of rheumatoid arthritis in rats by increasing the expression of ANXA1.[@bib59]^,^[@bib60]

ANXA1 and acute idiopathic pulmonary fibrosis {#sec5.3}
---------------------------------------------

In the neutrophils of patients with acute idiopathic pulmonary fibrosis, the expression of ANXA1 was significantly increased, and its expression was up-regulated in association with CD4^+^ T cells, confirming that ANXA1 may play an important immunopathological role in the development of acute idiopathic pulmonary fibrosis.

ANXA1 and liver fibrosis {#sec5.4}
------------------------

Zagoura et al.[@bib61] found that ANXA1 can increase reactivity with the severity of liver fibrosis in the body. The more obvious the fibrosis, the more the expression of ANXA1 is up-regulated, and the anti-inflammatory and anti-fibrotic effects are maximized. At the same time, it begins to rise in the early stage of fibrosis, and peaks in the middle stage, indicating that its anti-inflammatory liver protection is concentrated in the early and middle stages.

ANXA1 and IgA nephropathy {#sec5.5}
-------------------------

Some scholars have found that the expression intensity of ANXA1 in renal tissues of human IgA nephropathy and animal models is negatively correlated with the degree of tubular damage, indicating inhibition in the development of nephropathy.[@bib62]^,^[@bib63] It is speculated that ANXA1 may have an important defense effect against the production of glomerular inflammatory mediators, thereby inhibiting the development of IgA nephropathy.

ANXA1 and post-traumatic brain injury {#sec5.6}
-------------------------------------

Post-traumatic brain injury is a common traumatic disease in neurosurgery. It has the characteristics of high incidence, critical illness and poor prognosis. Studies have confirmed that blood-brain barrier destruction, inflammatory reaction, free radical damage after post-traumatic brain injury lead to secondary brain damage, which in turn impairs neurological function. In recent years, it has been found that the expression of serum ANXA1 is decreased after cerebral hemorrhage, and the increase of ANXA1 can improve the vascular endothelial cells and neuronal necrosis, maintain the integrity of the blood-brain barrier, and reduce brain edema after cerebral hemorrhage.

ANXA1 and skin wound healing {#sec5.7}
----------------------------

Jin et al.[@bib64] found that ANXA1 is widely expressed in neutrophils and monocytes in the inflammatory phase after skin injury, and is suitable for the inference of wound formation time in early trauma, especially the inference of wound injury time around 1 day. Therefore, detecting the expression of ANXA1 can further increase the accuracy of skin wound formation time inference.

Conclusion {#sec6}
==========

Most of the membrane proteins are conserved in evolution, and most of them are intracellular proteins. ANXA1 is one of the early discovered and concerned protein molecules. Due to its ability to bind to Ca ions, ANXA1 is involved in a series of Ca-dependent membranous biological activities in tissue cells. Since its discovery, although many studies have been conducted on the biological functions of ANXA1, including biofilm formation, ion channel establishment, inflammation regulation, and cell signal transduction, its specific regulatory mechanisms have not been fully understood. Therefore, this paper attempts to systematically expound studies on its various biological functions, and provides a basis for the future studies on the complex regulatory network of ANXA1.
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